13 C NMR spectra were recorded in deuterated solvent as the lock and the residual solvent as the internal standard. 19 F NMR spectra were recorded using CFCl 3 as an external reference. Chemical shifts are reported in parts per million (ppm) and coupling constants (J) are reported in Hertz (Hz). The abbreviations for the multiplicity of the proton, carbon and fluorine signals are as follows: s singlet, d doublet, dd doublet of doublets, ddd doublet of doublet of doublets, t triplet, dt doublet of triplets, q quartet, m multiplet, br s broad singlet.
180 rpm until the absorbance at OD600 reached 0.6-0.8. At which point protein expression was induced by addition of 0.1 mM (final concentration) isopropyl β-D-1-thiogalactopyranoside (IPTG) with further incubation at 16 °C for 15 hours. The cells were harvested by centrifugation at 6000 rpm, 30 min, and re-suspended in 120 mL ice-cold binding buffer (50 mM Tris-HCl, pH 8.0, 10 mM imidazole, 1% Triton X-100, and 5% (V/V) glycerol), and disrupted by a Constant System Ltd. Cell Disruptor.
Cellular debris was centrifugated at 12500 rpm for 30 min at 4 °C and discarded. The supernatant was filtered with a 0.22 μm filter membrane, and then loaded onto 2 mL Ni-NTA-affinity resin (GE Healthcare) pre-equilibrated with the binding buffer. The column was then washed with 10 mL washing buffer (50 mM Tris-HCl, pH 8.0, 45 mM imidazole, 300 mM NaCl). The protein was eluted with eluting buffer (50 mM Tris-HCl, pH 8.0, 250 mM imidazole). The fractions were collected and analyzed by SDS-PAGE (12% Tris-glycine gel) and the desired fractions were combined, and dialyzed in 4 L 20 mM Tris-HCl buffer. The protein solution was concentrated using an Centrifugal Filter Units (Milipore, 30,000 MWCO). The concentrated protein was flash frozen in liquid nitrogen, stored at −80 °C until further use. Protein concentration was determined by Nanodrop.
Enzymatic Reactions of NucGT or NucGS
NucGT assays were carried out in 50 mM Tris-HCl buffer, pH = 8.0, with 10 mg/mL UDP-glucose, 100 mM MgCl 2 , 1 mM substrate and 1.5 nM glucosyltransferase. The reactions were incubated in a heatblock at 30 °C and samples were periodically collected every 30 min (for the first 3 hours) or 60 min. The enzyme was denaturized by adding chloroform and the reaction monitored by HPLC, the identity of the products were confirmed by MS of isolated fractions.
NucGS NMR assays were carried out in 50 mM Tris-HCl buffer, pH = 7. 
HPLC and LC-MS Parameters of Enzymatic Reaction
HPLC analysis was performed on a Shimazu LC-20-AT HPLC system. The samples were separated using a Phenomenex Luna C-18 Semi-prep column. LC-MS analysis was performed on a Thermo UltiMate 3000 HPLC system coupled in Diode Array detector and LCQ Fleet mass spectrometer in ESI positive mode using the column indicated in the individual experiment.
For the purification of F-Mets I and II, a Phenomenex C-18 Luna Semi-preparation column was used. F-Met I and a mixture of F-Met II and nucleocidin were co-purified with gradient elution: 0-5 min,100% mobile phase A (miliQ water, 0.05% TFA); 18 min, Nuclear magnetic resonance spectroscopy analysis of F-Met I and F-Met II. 4 
3' Figure S8 . 1 
Compound preparation

Sulfamoyladenosine (9)
Sulfamoyladenosine 9 was synthesised using previously reported methods [2] ; 1H NMR Adenosine-5'-sulfate (10)
Adenosine-5'-sulfate 10 was synthesised using previously reported methods [3] 1H 
Oxalyl chloride (2.05 mL, 23.46 mmol, 1.1 equiv) was dissolved in dry dichloromethane (60 mL) under an atmosphere of argon at -60 ºC. Dimethylsulfoxide (3.3 mL, 46.91 mmol, 2.2 equiv) was added, followed by 5-O-tert-butyldiphenylsilyl-1,2-OIsopropylidene-α-D-xylofuranose (9.14 g, 21.32 mmol, 1.0 equiv) dissolved in 20 mL of dry dichloromethane, dropwise. The resulting mixture was stirred at -60 ºC for 30 min, then triethylamine (9.75 mL, 70.36 mmol, 3.3 equiv) was added and the mixture stirred at -60 ºC for 1 hour, then allowed to warm to room temperature and stirred for a further 3 hours. The mixture was then poured onto 100 mL of ice cold water, the layers separated, the aqueous layer extracted with dichloromethane (2 x 20 mL) and the combined organic layers washed with a saturated aqueous solution of sodium hydrogen bicarbonate (30 mL), brine (30 mL), dried onto magnesium sulfate, filtered and concentrated under reduced pressure to furnish a colourless solid, which was used in the next synthetic step without any further purification (9.1 g, quantitative yield). 1 ). These data are in good agreement with the literature values. [4] Figure S14. 1 (2 x 50 mL), dried onto magnesium sulfate, filtered and concentrated under reduced pressure to afford a solid residue. This material was dissolved in acetone (80 mL) and water (3 mL) was added, followed by silver carbonate (1.8 g, 6.45 mmol, 0.5 equiv).
The mixture was stirred at room temperature for 2 hours or until the starting material had disappeared and more polar compounds had formed. These data are in good agreement with the literature values. [5] Figure S18. 1 0  10  20  30  40  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220 f1 (ppm) genome. PDB 1GNX was used as a template for predicting secondary structures. 7 The average consensus amino acid sequence of these three glycosidases is ~ 88%.
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